A line x tester analysis involving 28 top-crosses generated by crossing seven elites maize inbred lines (yellow) with four testers (yellow single crosses) was conducted for different some traits during 2015 cropping season at the Experimental Farm of Agricultural Faculty, Mansoura University, Egypt. The experimental design was the Randomized Complete Block Design (RCBD), with three replications. The objectives of this study were to estimate of general and specific combining ability effects of the parents (the inbred lines and the testers) and to evaluate the top-crosses performance of the hybrids for flowering, vegetative and ears yield plant -1 traits. The GCA/SCA ratio was found to be less than unity in all studied traits under both conditions, except ear height under stress condition, revealing that non-additive gene effects were more important than additive gene effects in the expression of these traits. Results showed that line (1), line (2), line (6), tester (1) and tester (2) were the best general combiners among the parents for ears yield per plant.
INTRODUTION
Drought is a worldwide phenomenon and is a major production constraint, reducing crop yields. Drought, like many other environmental stresses, has adverse effects on crop yield. Low water availability is one of the major causes for crop yield reductions affecting the majority of the farmed regions around the world. As water resources for agronomic uses become more limiting, the development of drought-tolerant lines becomes increasingly more important. Although several methods have been developed, it remains difficult to judge where water is and whether it will be scare (Araus et al., 2002 and Tester and Bacic, 2005) . Estimation of combining ability and genetic variance components are important in the breeding programs for hybridization (Fehr, 1993) . In any breeding program, the choice of the correct parents is the secret of the success. One of the most important criteria in breeding programs for identifying the hybrids with high yield is knowledge of parents genetic structure and information regarding their combining ability (Ceyhan, 2003) . To initiate effective hybrid breeding program, information on the combining ability of inbred lines is an essential and critical factor. In the current study, therefore, an attempt was made to generate information on seven elites maize inbred lines (yellow) crossed to four testers ( yellow single cross) of known heterotic groups in line x tester mating fashion and evaluated with the objectives of estimation of the GCA and SCA effects of the inbred lines and evaluation of the top-cross performance of the hybrids for study traits.
The present investigation was accomplished to get information regarding general and specific combining abilities and gene action in the inheritance of some earliness, vegetative and yield characters under drought stress and non-drought stress for improving drought tolerance in maize.
MATERIALS AND METHODS

1-Genetic materials:
The genetic materials used in this study were seven inbred lines (L1 (CML52), L2 (LZI3), L3 (PHG35), L4 (LH123), L5 (Inb.204), L6 (Inb.209) and L7 (R.39)) with four testers (T1 (S.C.167), T2 (S.C.168), T3 (S.C.173 and T430M84) of diverse genetic back ground. The first four inbred lines were obtained from United States of America (USA). While, the last inbred line (R39) was obtained from Quality Techno Seed Company and two inbred lines (Inb. 204 and Inb. 209) were obtained by Agriculture Research Center (ARC) and four testers were obtained by Agriculture Research Center (ARC) and Misr Pioneer Seeds Company. Field experiments: In 2014 growing season, the seven inbred lines and the four testers were planted on April 30 th and May 15 th , in separate plots and top crosses were made between lines and testers on according to line x tester design II Kempthorne (1957) . Each top cross was constituted by collecting pollen from 40-50 protected tassels, representing the tester, then top crossing on to protected silks of 20 plants representing the inbred lines by hand pollinating.
In 2015 summer growing season, each of seven inbred lines, four testers and the 28 top crosses resulting from the first season were sown in two experiments representing two irrigation treatments, which were every 12 days (normal) and every 18 days (stress) at 70cm between ridges and 25 cm between hills. Each experiment was designated in a Randomized Complete Blocks Design (RCBD) with three replicates.
Each experimental plot consisted of only one ridge at five meters long. Plants were thinned to secure one plant hill -1 after seedling emergence. Each experiment was hoed twice, before 1 st and 2 nd irrigations. Nitrogen (Urea, 46% N) at dose of 120 kg N fad -1 . was added in two equal split doses, before the 1 st and 2 nd irrigations.
Phosphorus (calcium super phosphate, 15.5 % P 2 O 5 ) at dose of 200 kg fad -1 . was added to the soil during seedbed preparation, and potassium sulphate (48 % K 2 O) at a level of 50 kg fad -1 was applied after thinning. Moreover, other agriculture practices were applied as recommended Studied traits: The following measurements were recorded: Tasseling date (days), silking date (days), ear height (cm), plant height (cm) and ears yield per plant (g). Statistical analysis: Statistical procedures used in this study were done to the analysis of variance for randomized complete blocks design as outlined by Cochran and Cox (1957) . Mean of values were compared at 5% level of probability using least significant difference (LSD).
An ordinary analysis of variance was performed for the data collected from top crosses to test the differences and significance of all genotypes. When differences among top crosses were significant, the line x tester analysis according to Kempthorne (1957) and Singh and Chaudhary (1977) was done to estimate variance due to general and specific combining ability of the tested lines and testers interaction as well as various types of the gene effects.
RESULTS AND DISCUSSION
1-Analysis of Variance :
The analysis of variance for maize genotypes involved 28 top crosses resulting from (7 inbred lines x 4 testers) are presented in Table 1 . Genotypes i.e. parents and crosses exhibited highly significant variation for all studied traits under normal irrigation and water stress conditions, indicting differences among these genotypes under investigation. Results presented in Table 1 showed that mean squares of parents vs. crosses (which indicated the variance due to heterosis) were found to be significant and highly significant for all studied characters, illustrating the wide range of heterosis values among the hybrids for all studied traits for both normal irrigation and water stress conditions. Further partitioning of crosses, mean squares i.e. line x tester analysis indicated that the difference due to both lines and testers were significant and highly significant for all studied characters. Considering the interaction of lines x testers was highly significant differences for all the studied traits, indicating that testers did not express similar orders of ranking according to the performance of their crosses with the four testers .These results are in similar with those obtained by Sultan ,et al in their maize genotypes.
Table1. Mean squares of analysis of variance for studied maize traits (tasseling date, silking date, ear height, plant height and ears yield per plant) under normal irrigation and water stress conditions:
2-The proportional contributions:
The proportional contributions of lines (female), testers (male) and their interactions (top crosses) to total variance for different traits (Table 2) under different irrigation conditions revealed that females lines (maternal) contributed higher compared to male testers (paternal) under both normal irrigation and water stress conditions in all studied traits. Results showed that maternal parents play the most important role under drought stress conditions. Maternal parents should be used in further programs to improve drought stress tolerance. Studies have shown that proportional contributions of line, tester and line x tester change for different traits. 
3-Combining ability analysis:
The results in Table 3 showed that the ratios of GCA/SCA were lesser than unity for all studied traits under normal and stress water conditions, except ear height under stress water conditions, which mean that non-additive gene effects played an important role in the inheritance of these traits in table 3. Similar results were obtained by Osman and Ibrahim (2007) , Majid et al. (2010) , Aslam et al. (2012) , Aminu and Izge (2013) and Aminu et al. (2014) in their maize genotypes. 
General combining ability effects (gi):
Results in Table 4 showed that lines namely: L2 (LZI3) and L3 (PHG35) had negative and highly significant GCA effects for under both conditions, indicating that these inbreds could be considered as good general combiners under both conditions for earliness. Results show that testers namely: T1 (S.C.167) under normal watering and T3 (S.C.173) under both conditions had negative and highly significant GCA effects, indicating that these testers could be considered as good general combiners for earliness. Regarding silking date results show that lines L2 (LZI3) and L3 (PHG35) under both water levels and L6 (Inb.209) under stress water level had negative and highly significant GCA effects, these result indicating that parents: L2 (LZI3) and L3 (PHG35) under both water conditions and L6 (Inb.209) under water stress condition could be considered as good general combiner for earliness. Results show that testers: T1 (S.C.167) under water stress condition and T3 (S.C.173) under both water conditions had negative and highly significant GCA effects; these results indicate that parents: T1 (S.C.167) under normal irrigation condition and T3 (S.C.173) under both water conditions could be considered as good general combiners for earliness. Ear height (cm) of results show that lines: L3 (PHG35) under normal irrigation condition and L7 (R.39) under both water conditions show highly significant negative GCA effects, suggesting that these inbred lines are the best general combiners for ear height (shortness). Results show that testers under both water levels show non-significant GCA effects for ear height. Shushay et al. (2013) had similar results.
Plant height (cm) results show that inbred parents: L3 (PHG35) under normal water level, L5(Inb.204) and L6(Inb.209) under water stress condition and L7(R.39) under both water conditions show significant and highly significant negative GCA effects, suggesting that these inbred lines are the best general combiners for plant shortness. Results show that testers under both water levels show non-significant GCA effects for plant height. Similar results were obtained by Umar et al. (2014) . Estimates of GCA effects for ears weight per plant show that inbred parents: L1 (CML52), L2(LZI3) and L6(Inb.209) under both water levels had highly significant and positive GCA effects, indicating that these inbred lines could be considered as the best general combiners for increasing ears weight plant -1 under both water conditions. Estimates of GCA effects for ears weight plant -1 show that testers: T1 (S.C.167) and T2 (S.C.168) under both water conditions had highly significant and positive GCA effects, indicating that these testers could be considered as the best general combiners for increasing ears weight plant -1 under both conditions. 
Specific combining ability effects (Si):
Results in table 5 show that top crosses: L1 X T3, L1 X T4, L2 X T3, L3 X T1, L4 X T1, L5 X T4 and L7 X T2 under both watering conditions, L3 X T2, L5 X T3, L6 X T1, L6 X T2, L7 X T3 and L7 X T4 under water stress and L4 X T2, L6 X T3, L6 X T4 and L7 X T1 had negative and highly significant SCA effects, indicating that these crosses are the best combinations between lines and testers for tasseling date (days) (earliness). Results of silking date (days) show that top crosses: L1 X T3, L1 X T4, L2 X T3, L3 X T1, L3 X T2, L 4 X T1, L5 X T4 and L7 X T2under both water conditions, L2 X T2, L2 X T4, L6 X T3, L6 X T4, and L7 X T1 under normal water condition and L5 X T3, L5 X T4, L6 X T1, L6 X T2 and L7 X T4L2 X T4, L3 X T1, L5 X T3, L6 X T1, L6 X T2 and L7 X T4 under water stress had negative and highly significant SCA effects, indicating that these crosses are the best combinations between lines and testers for earliness. Results of ear height (cm) show that crosses L1 X T1, L3 X T3, L4 X T4, L5 X T3 and L7 X T2 under water stress condition showed significant, highly significant and negative SCA effects for ear height, indicating that these crosses are the best combinations between lines and testers for ear height shortness. Plant height (cm) results show that top crosses: L2 X T3, L3 X T4 and L4 X T1 under normal irrigation and L1 X T1, L2 X T2, L3 X T1, L4 X T4 and L5 X T4under water stress showed significant, highly significant and negative SCA effects for plant height, indicating that these crosses are the best combinations between lines and testers for plant height shortness. Ears weight plant -1 (g) results show that top crosses: L1 X T1, L1 X T2, L3 X T1, L4 X T4 and L5 X T4 under normal watering, L1 X T3, L1 X T4, L3 X T2, L4 X T1, L5 X T1 and L6 X T4 under water stress and L2 X T1, L2 X T4, L3 X T3, L4 X T3, L5 X T2, L6 X T2, L7 X T1 and L7 X T2 under both water conditions showed highly significant positive SCA effects for ears weight plant -1 , indicating that these crosses are the best combinations between lines and testers for increasing ears weight plant -1 . 
